Thirteen Acholeplasma strains representing three named species, Acholeplasma laidlawii, Acholeplasma granularum, and Acholeplasma oculi, were examined for the presence of 30 enzymes by horizontal starch gel electrophoresis. A total of 29 enzymes were demonstrated. Twelve of these enzymes have not been reported previously in acholeplasmas (alcohol dehydrogenase, aldolase, alkaline phosphatase, arginase, arginine deiminase, carbamyl phosphokinase, galactose dehydrogenase, galactose-6-phosphate dehydrogenase, glutamate dehydrogenase [nicotinamide adenine dinucleotide], glutamate dehydrogenase [nicotinamide adenine dinucleotide phosphate], a-glycerophosphate dehydrogenase, and xanthine dehydrogenase). An average group cluster analysis was carried out on the basis of estimates of dissimilarity coefficients. This analysis distinguished among the strains tested, was of some help in identification, and may also be useful in epidemiological investigations.
growth precipitation test appears to be almost species specific within the genus Acholeplasma, as cross-reactions seldom occur between recognized species (8, 14) . In an exploratory study, Lanham et al. (17) found that isoenzyme analysis by (thin-layer) electrophoresis is useful for distinguishing between Acholeplasma laidlawii and Acholeplasma equifetale, as well for demonstrating intraspecific variation. The value of isoenzyme analysis in mycoplasma taxonomy received further substantial support from a study by O'Brien et al. (24) .
The purpose of this study was to characterize and differentiate the type strains and a few field strains of three Acholeplasma species, A . laidlawii, Acholeplasma granularum, and Acholeplasma oculi, by analyzing soluble isoenzymes. These organisms have been reported to cross-react in growth inhibition and immunofluorescence tests and cannot be differentiated by any of the common biochemical tests.
MATERIAL AND METHODS
Acholeplusma strains. The following 13 strains were included in this study: the type strains of A. laidlawii (strain PG8 [sewage strain A]), A . granularum (strain BTS-39), and A. oculi (strain 19-L), A . faidfawii strain PG9 (sewage strain B), and 9 strains isolated from bovine, caprine, ovine, equine, and avian sources. We attempted to classify these strains before isoenzyme analysis by the agar well modification of the growth inhibition test (4), the indirect epi-immunofluorescence technique (25), and the growth precipitation test (8). All cultures were filtered through a membrane filter (pore size, 450 nm; Millipore Corp., Bedford, Mass.) and cloned on solid media by picking single colonies. This procedure was repeated three times. Cultures were selected for this study because crossreactions occurred to a higher degree than usual for a group of nine strains. Furthermore, the strains were isolated from different animal species and different geographic areas.
Cultivation and harvest of organisms. The growth medium used was essentially that of Lanham et al. (17) . PPLO broth (Difco Laboratories, Detroit, Mich.) was supplemented with a 25% aqueous extract of dried yeast (lo%, vol/vol), PPLO serum fraction (l%, VOV vol; Difco), sodium deoxyribonucleate (0.002%, wt/vol), glucose (0.5%, wt/vol), phenol red (0.002%, wt/vol), and ampicillin (300 mg/ml), and the pH was adjusted to 7.8. In preliminary experiments this medium was compared with the same medium without glucose. Each strain was grown at 37°C in 1 to 1.6 liters of liquid medium. When the pH had failen to 7.2 to 7.3, the titer of the culture was recorded, either by determining the number of colony-forming units per milliliter or by cell counting after staining with acridine orange (26). Cultures were harvested by centrifugation at 8,000 X g for 30 min at 4"C, and this was followed by washing twice in 0.25 M NaCl buffered to pH 7.0 with Na2HP04.
Preparation of culture lysates. After washing, the deposit was suspended in 12 ml of an enzyme-stabilizing solution containing 1 mM dithiothreitol, 1 + , Positive; 0, negative; k, not positive all of the time.
mM E-aminocaproic acid, and 1 mh4 ethylenediaminetetraacetate (pH 7.0) (16). Cell lysates were prepared as described by Lanham et al. (17) ; i.e., the suspension was frozen by using dry ice and acetone, and after thawing in lukewarm water the lysate was centrifuged at 100,OOO x g for 2 h to remove the cell membranes. The supernatant was concentrated with a Minicon model A25 multipurpose microconcentrator (Amicon, High Wycombe, England) and kept at -70°C until it was used. No appreciable loss of enzyme activity occurred during storage under these conditions. Isoenzyme electrophoresis. Horizontal starch gel electrophoresis was carried out as described by Hjorth (15). The following enzymes were assayed: acid phosphatase (EC 3.1.3.2), adenosine deaminase (EC 3.5.4.4), adenylate kinase (EC 2.7.4.3), alcohol dehydrogenase (EC 1.1.1.1), aldolase (EC 4.1.2.13), alkaline phosphatase (EC 3.1.3.1), arginase (EC 3.5.3.1), arginine deiminase (EC 3.5.3.6), aspartate aminotransferase (EC 2.6.1 .l), carbamyl phosphokinase (EC 2.7.2.2), esterase (EC 3.1.1.1), galactose dehydrogenase (EC 1,1.1.48), galactose-&phosphate dehydrogenase, glucose-6-phosphate dehydrogenase (EC 1.1.1.49), glucose phosphate isomerase (EC 5.3.1.9), glutamate dehydrogenase (nicotinamide adenine dinucleotide) (EC 1.4.1.2), glutamate dehydrogenase (nicotinamide adenine dinucleotide phosphate) (EC 1.4.1.4), a-glycerophosphate dehydrogenase (EC 1.1.1.8), hexokinase (EC 2.7.1.1), inorganic pyrophosphatase (EC 3.6.1 .l), lactate dehydrogenase (EC 1.1.1.27), malate dehydrogenase (EC 1.1.1.37), mannose phosphate isomerase (EC 5.3.1.8), nucleoside phosphorylase (purine) (EC 2.4.2.1), ornithine transcarbamylase (EC 2.1.3.3), 6-phosphogluconate dehydrogenase (EC 1.1.1 A), phosphoglucomutase (EC 2.7.5.1), phosphoglycerate kinase (EC 2.7.2.3), superoxide dismutase (EC 1.15.1.1), and xanthine dehydrogenase (EC 1.2.1.37). The buffers used for acid phosphatase, alkaline phosphatase, arginase, arginine deiminase, carbamyl phosphokinase, galactose dehydrogenase, galactose-&phosphate dehydrogenase, glucose phosphate isomerase, a-glycerophosphate dehydrogenase, inorganic pyrophosphatase, mannose phosphate isomerase, phosphoglucomutase, superoxide dismutase, and xanthine dehydrogenase were those described by Spencer et al. (35) ; the buffers used for aldolase, adenylate kinase, esterase, galactose-6-phosphate dehydrogenase, hexokinase, lactate dehydrogenase, 6-phosphogluconate dehydrogenase, phosphoglycerate kinase, and superoxide dismutase were those described by Carter (6); the buffers used for adenosine deaminase and alcohol dehydrogenase were those described by Smith (32) ; another buffer used for alcohol dehydrogenase was that described by Shaw (29) ; the buffers used for aspartate minotransferase, glutamate dehydrogenase (nicotinamide adenine dinucleotide), glutamate dehydrogenase (nicotinamide adenine dinucIeotide phosphate), and nucleoside phosphorylase (purine) were those described by Ashton and Braden (2) ; the buffers used for galactose dehy- Estimation of dissimilarity coef8cients. The theory for the method used to estimate dissimilarity coefficients has been described by Brewer (5) and elaborated on by Sneath and Sokal(33) . We used a simplified modification of this method, which was described in detail by Wellendorf and Simonsen (37). To estimate dissimilaiity coefficients, all bands or electromorphs were taken into consideration. We counted the number of identical electromorphs present in both strains (a), the identical electromorphs absent in both strains (b), the electromorphs absent in one strain but present in the other (c), and vice versa (4. The dissimilarity coefficient was defined as follows:
This value was then used in an unweighted pair group arithmetic clustering method to construct a dendrogram. Table 1) . Undiluted antisera were used in the growth inhibition and growth precipitation tests, whereas the indirect immunofluorescence test was performed with sera diluted 1:20. Six of the field strains were classified as A. luidluwii, whereas on the basis of immunofluorescence and growth precipitation tests strain AMRC-C 780 was similar to A. oculi.
RESULTS

Identification of field strains by serology. Seven of the nine field strains examined could be
However, we observed a cross-reaction between this strain and A. luidluwii when the growth inhibition technique was used. Strain AMRC-C 1119 could not be identified with certainty, although our results suggested a relationship to A. luidluwii. This strain may represent a fourth species and possessed nonspecies-specific surface antigens, as well as group-specific cytoplasmic antibodies, in common with A. luidlawii.
Strain AMRC-C 380 could equally well be classified as A. laidluwii or A . oculi, since it was positive in all three tests with antisera against these two species.
Isoenzyme survey. A total of 13 strains were examined for the presence of 30 enzymes. Ornithine transcarbamylase was not demonstrated in any of these strains.
Because of the activity of other esterases or because of indistinct bands, distinct electromorphs were not observed for the following enzymes: adenosine deaminase, alcohol dehydrogenase, galactose phosphate dehydrogenase, malate de hydrogenase, and inorganic pyrophosphatase. Clear bands of glucose phosphate isomerase were not obtained, but this enzyme expressed a very high activity. Table 2 shows the positions of bands of 23 enzymes for all 13 strains examined.
On the basis of the results shown in Table 2 , dissimilarity coefficients were estimated by the method described above ( Table 3) . The unweighted pair group arithmetic clustering method was used, and the resulting dendrogram is shown in Fig. 1 .
It appears from Table 2 that it was not possible to identify the strains by the presence or absence of any enzyme, because of infrasubspecific variation and because some strains expressed some enzymes very weakly.
The dissimilarity coefficient offers a quantitative measure for the relationship between two strains. The dissimilarity coefficients for type strains PG8 and BTS-39, PG8 and 19-L, and BTS-39 and 19-L were 0.46, 0.56, and 0.54, respectively. Strain AMRC-C 1119 was unrelated to the type strains of A. oculi, A. laidlawii and A. grunularum (dissimilarity coefficients 0.56, 0.41, and 0.38, respectively). demonstrate the presence of malate dehydrogenase, the activity was very weak, possibly due to an unstable enzyme. Furthermore, we observed a positive effect of glucose in the media, in contrast to the findings of Lanham et al. (17) .
DISCUSSION
To the best of our knowledge, the following 12 enzymes have not been reported previously in the genus Achofepfasma: alcohol dehydrogenase , aldolase , alkaline phosphatase , arginase , arginine deiminase, carbamyl phosphokinase , galactose dehydrogenase, galactose-6phos-phate dehydrogenase, glutamate dehydrogenase (nicotinamide adenine dinucleotide), glutamate dehydrogenase (nucleotide adenine dinucleotide phosphate), a-glycerophosphate dehydrogenase, and xanthine dehydrogenase.
Inorganic pyrophosphatase activity was found in all three species examined, in contrast to the results of O'Brien et al. (24), who did not observe any inorganic pyrophosphatase activity in A. laidlawii. In our study inorganic pyrophosphatase, acid phosphatase, and alkaline phosphatase activities were demonstrated also in strains classified as phosphatase negative. These results indicate that isoenzyme analysis is a more sensitive test than the classical technique performed on solid media (1).
All acholeplasmas examined so far are arginine negative, which is in accord with our finding that none of the strains had ornithine transcarbamylase activity. On the other hand, arginine deiminase was demonstrated in two different electrophoretic forms. This observation is similar to the findings of Weickmann and Fahrney (36), who, by using protamine sulfate fractionation and diethylaminoethyl agarose chromatography, found that Mycopfasma arthritidis possesses two distinct forms of arginine deiminase. It seems that ornithine transcarbamylase might be the missing regulatory enzyme in the degradation of arginine, as both arginase and arginine deiminase were present in the strains of Achofeplasma which we studied.
Three different electromorphs of the isoenzyme aldolase were found in our material (Table  2 ). This is in agreement with the results obtained by Neimark (21, 22) , who, by using the double immunodiffusion technique and antiserum against aldolase prepared from Streptococcus faecafis, demonstrated three different types of aldolase.
Dissimilarity coefficients (Table 3 ) and zymograms reveal both interspecific differences and intraspecific differences and can aid identification. As an example, we were not able to identify strain AMRC-C 380 by immunological methods, even by titration with A . laidfawii and A . ocufi antisera diluted up to 1:2,560. However, the dissimilarity coefficient was 0.13 compared with strain E S T , indicating a close relationship to A . laidlawii at the species level. With regard to strain AMRC-C 1119, the growth inhibition tests were positive when all three antisera were used; however, the relationships of this strain could not be elucidated further, as the growth inhibition test is not suitable as a quantitative method. In the immunofluorescence test a titer of 160 was obtained when antiserum against A. laidlawii PG8T was used, but the serological identification was still uncertain, as the reactions were weak in the growth precipitation test (in some experiments, even absent). The dissimilarity coefficient compared with A . laidfawii was as high as 0.41. The serological results and the dissimilarity coefficients may indicate that strain AMRC-C 1119 represents a fourth species. The zymograms of strain AMRC-C 1119 also show a pattern quite different from the patterns of the other strains, although the isoenzyme technique demonstrated some soluble, cytoplasmic proteins in common with the other strains. Perhaps these were antigens, which SALIH, SIMONSEN, AND ERN@ sometimes are evident in the growth precipitation test.
Our data indicate that isoenzyme analyses may aid identification, but because of strain variation within species may be even more useful in epidemiological investigations.
